Coordinated cell movements contribute to the shaping of developing organisms during morphogenesis. Understanding the molecular basis of these directed movements is a crucial part of understanding the mechanisms in action during development. We present here a cellular description of two morphogenetic processes: dorsal closure of the Drosophila embryo and convergent extension in two vertebrate models, Xenopus laevis and Danio rerio. Both processes are characterised by polarised cell movements and increasing evidence suggests that they involve a common group of planar cell polarity genes. We propose that the comparison of dorsal closure and convergent extension will shed light on underlying mechanisms that are shared between the two processes. q
Introduction
The first and most dramatic morphogenetic event to occur during embryogenesis is gastrulation. During gastrulation, coordinated cell movements generate the ectodermal, mesodermal and endodermal layers and place them in their proper positions relative to each other. The cells composing these layers move and change shape. They do so either as individuals or within the constraints of an epithelium but the coordination of these changes across the ensemble results in a tissue movement that is crucial for the generation of the body plan. Understanding the molecular basis of these cell movements is important. However, there are difficulties in the comprehension of this process associated with the large-scale movements of different cell populations in three dimensions. Other morphogenetic processes share similarities at the cellular level with gastrulation movements. For example, during both convergent extension in vertebrate gastrulation and dorsal closure of the Drosophila embryo, cells are polarised and move in a defined direction, which requires that the cells behave in a coordinated and directed way. Dorsal closure is a very well characterised example of epithelial movement and fusion. This is due to the relative ease in identifying mutants affecting dorsal closure in Drosophila, the advanced genetics available in the Drosophila system and the accessibility of the process to cell biological observations. Because dorsal closure is essentially a two-dimensional process that also shows similarities with wound healing, it constitutes a very good model to study the mechanisms and regulation of directed epithelial movements.
Here we describe the cellular aspects of dorsal closure and discuss how the polarised characteristics of this movement might be similar to those observed in converging and extending tissues during gastrulation in Xenopus laevis and the zebrafish Danio rerio. Importantly, recent discoveries suggest that all these processes might be controlled by similar mechanisms.
Convergent extension and dorsal closure are polarised processes characterised by polarised cell activity
The process known as convergent extension occurs during many morphogenetic events including gastrulation, As mediolateral intercalation begins, mesenchymal cells stabilise filopodia in the mediolateral direction and exert traction on their neighbours. Although the cells pull both towards the medial and the lateral part of the tissue (small arrows), the net result is the shortening of the field of cells in the medio-lateral direction (convergence, opposing arrows) and its elongation in the antero-posterior direction (extension, double-headed arrow). (B) Schematic representation of a stage 13 Drosophila embryo (modified from Hartenstein, 1993) . Some of the different forces contributing to dorsal closure are represented in the close-up panel. As the two extremities of the epidermis start to zip, the leading edge stretches as it comes under tension (represented by the green arrows) from the formation of a continuous actin cable (grey lines). At the same time, the epidermal cells elongate in the dorso-ventral direction (blue arrows) while the amnioserosa cells shrink (red arrows) and pulling the attached epidermal cells dorsal-ward. neurulation and tissue morphogenesis in both vertebrates and invertebrates. During vertebrate gastrulation, convergent extension describes the intercalation of mesodermal or neuroectodermal cells to produce an elongation of the body axis in the antero-posterior direction (see Figs. 1A,2A) . The cellular rearrangements that occur during convergent extension in Xenopus and zebrafish are summarised here (for more extensive reviews see Keller, 2002; Keller et al., 2000; Wallingford et al., 2002) .
During early gastrulation in Xenopus embryos, radial intercalation of deeper cells towards the surface produces a thinner cell layer corresponding to the ectoderm, via a process known as epiboly. While this is occurring, the prospective endoderm migrates inwards via the blastopore lip in a process called involution. At the midgastrula stage, cells of the prospective mesoderm and neural ectoderm begin to intercalate in the mediolateral axis along the dorsal midline to produce a narrowing (converging) and lengthening (extending) of the body axis (Fig. 1A,2A ). This mediolateral intercalation is the main cell behaviour driving convergent extension in Xenopus and involves polarised cell behaviours ( Fig. 2A) . Fluorescent microscopy of labelled mesodermal cells in cultured explants (Keller and Danilchik, 1988; Keller et al., 2000; Keller et al., 1985) shows that in the early gastrula, deep mesenchymal cells produce rapid and randomly directed protrusive activity. However this activity slows in the midgastrula embryo and becomes restricted to the medial and lateral ends of the cells. This bipolar protrusive activity facilitates intercalation and the large medial and lateral protrusions advance across neighbouring cells without showing contact inhibition. In the absence of any external forces generated by the rest of the embryo, cultured explants undergo convergent extension, showing that the forces driving the movement are generated within the tissue (Keller et al., 2000) . Furthermore it is worth noting that cell division does not contribute to the directed movement since there is little or no cell division during mediolateral intercalation.
In the zebrafish embryo, gastrulation is also the result of the morphogenetic movements known as epiboly, involution and convergent extension. Epiboly results in the flattening of the blastoderm around the yolk and involves the radial intercalation of inner blastoderm cells with cells of more superficial layers. External forces exerted by the actin and tubulin cytoskeleton of the layer directly beneath the blastoderm are also involved in this flattening process. Involution occurs at the edge of the blastoderm to produce the different germ layers. Unlike in Xenopus, convergence in zebrafish is partially uncoupled from extension and the two processes occur through distinct cellular mechanisms (see Wallingford et al., 2002 and also Glickman et al., 2003) . Lateral blastoderm cells migrate dorsally and converge to form the embryonic shield on the dorsal side of the embryo. Cells entering the shield then intercalate in the mediolateral axis to produce an extension of the embryonic axis. This elongation of the body axis can be visualised by looking at the changing shape of the expression domain of genes such as the notochordal marker no tail (Fig. 1A) . In addition, in contrast to Xenopus gastrulation, there are several cell divisions during convergent extension in zebrafish. These divisions are not orientated with respect to either the direction of movement or the elongation of the cells but appear to align in the anterior -posterior axis (Concha and Adams, 1998) and so may also contribute to the lengthening of the body axis in this direction.
Thus, during both Xenopus and zebrafish development, convergence and extension mechanisms allow the elongation of the body axis in the anterior/posterior axis. While there are differences in the individual cell behaviour during this morphogenetic movement in the two species, and from tissue to tissue, in all cases one observes cell rearrangements and movements in the medio-lateral direction. This is associated with the polarisation of cells in the medio-lateral direction as indicated by the appearance of protrusions at the edges of the cells. These changes must involve a reorganisation of the cytoskeleton.
Recently, several reviews emphasised a possible connection between the establishment of polarised cell behaviours associated with convergent extension movements in vertebrate embryos and planar cell polarity (PCP) of the Drosophila wing epithelium (Mlodzik, 2002; Wallingford et al., 2002) . However, PCP in the wing takes place in a relatively static tissue, and studies in the wing have tended to focus on the propagation rather than the establishment of polarity. We propose here that the polarised tissue movements that take place during dorsal closure in the Drosophila embryo make a useful comparison to convergent extension and that a better understanding of the two processes can be gained by comparing them.
During Drosophila embryogenesis, the process of germband retraction produces a shorter and thicker body axis and reveals a dorsal gap in the epidermis. This dorsal gap is covered by an epithelium of large, flat polyploid cells, the amnioserosa (Fig. 1C) . Dorsal closure corresponds to the morphogenetic processes leading to the dorsal-ward movement of the two sides of the epidermis with the simultaneous shrinkage and eventual disappearance of the amnioserosa. Dorsal closure is complete when the epidermis seals at the dorsal midline of the embryo, resulting in a continuous epidermis (Fig. 1E) .
Just before completion of germ band retraction (early stage 13), the epidermal cells are cuboidal and the epidermal front in contact with the amnioserosa, also named the leading edge, is scalloped (Fig. 1C) . As dorsal closure begins (stage 13, 9 h after egg laying), the dorsal-most epidermal cells (often called leading edge cells, but not to be confused with the leading edge itself) begin to elongate in the dorso-ventral direction and decrease their apical/basal thickness. This elongation subsequently propagates to the more laterally localised epidermal cells. These cell shape changes result in an increase of the epidermal surface that is sufficient to cover the dorsal gap (Young et al., 1993) in the absence of cell division (Foe, 1989) . As the epidermal cells elongate (Fig. 2B , blue arrows) and the epidermis moves dorsally, the length of the leading edge is reduced, which results in part from the constriction of the dorsal edge of the dorsal-most epidermal cells. This constriction has been proposed to be driven by a cable of actin and myosin that assembles at the leading edge (Kiehart et al., 2000) (Fig. 2B,  green arrows) . Indeed, loss of the actin cable, as observed in embryos either lacking the small GTPase DRho1, or overexpressing a dominant negative form of DRho1 (DRho1 DN ), is associated with a lack of constriction of the leading edge and defective closure as revealed by the puckering of the dorsal midline (Jacinto et al., 2002a; Magie et al., 1999) . However, embryos in which the actin cable has been broken by laser ablation still close, suggesting that the actin cable is not the only driving force of closure (Kiehart et al., 2000) . Furthermore, dorsal-most epidermal cells overexpressing DRho1 DN acquire a migratory advantage over their wild-type neighbours (Jacinto et al., 2002a) . If the actin cable is driving the contractility of the leading edge, these experiments suggest that the actin cable is not simply pulling the epidermis but acts as a brake on the movements of the dorsal-most epidermal cells, allowing the embryo to close progressively.
As the two sides of the epidermis meet at the anterior and posterior ends, the epidermis begins to zipper from both ends (Fig. 1D) . During this stage (from stage 14, around 11 h after egg laying) the highly polarised dorsal-most epidermal cells emit filopodia and lamellipodia that crawl over the amnioserosa (Fig. 3C, arrowhead) . These filopodia contribute to the correct zippering of the epidermis by establishing contacts with the opposing epidermal sheet, possibly initiating the formation of cell -cell junctions between the two sides. The filopodia also ensure the correct matching of the embryonic segments as the hole closes (Jacinto et al., 2000) . Once the dorsal-most epidermal cells have established contacts with the opposite dorsal-most epidermal cells, the intense filopodia and lamellipodia activity ceases. This termination process is of importance as it ensures that the two sides of the epidermis will not overlap (for a more detailed description see Jacinto et al., 2002b) .
While the amnioserosa was originally thought to be a passive tissue over which the epidermis migrated, laser ablation experiments showed that it actively contributes to the forces involved in dorsal closure (Hutson et al., 2003; Kiehart et al., 2000) . Indeed, the overall surface of the amnioserosa continuously decreases during dorsal closure (Fig. 2B, red arrows) , generating a pulling force on the adjacent epithelium. This decrease is due to the changing shape of the amnioserosa cells, from a dorso-ventrally elongated to a more cuboidal surface, followed by the apical constriction of groups of cells within the amnioserosa resulting in their eventual drop out from the plane of the epithelium (Harden et al., 2002; Kiehart et al., 2000) . Overexpression of an activated form of the small GTPase Drac1 in the amnioserosa results in an excessive contraction of the tissue and the puckering of the epidermis while a dominant negative form of Drac1 retards the shape changes of the amnioserosa cells and the closure of the embryo (Harden et al., 2002) . The amnioserosa thus not only actively contributes to the closure of the embryo, but the force generated by the amnioserosa cells must be regulated, both in strength and speed, since a reduction or increase of this force results in dorsal closure defects.
As reflected by their elongation and the spatially oriented emission of filopodia, the dorsal-most epidermal cells are highly polarised during dorsal closure. This polarity has recently been further documented through studies of their subcellular organisation, focussing both on cytoskeletal and non-cytoskeletal components (Kaltschmidt et al., 2002) .
At the onset of dorsal closure, epidermal cells do not show any specific subcellular localisation of cytoskeletal proteins such as actin, myosin or microtubules. When the dorsal-most epidermal cells first become elongated, one observes the bundling of the microtubules in the dorsoventral direction. This is shortly followed by the accumulation of F-actin at the site of contact between neighbouring dorsal-most epidermal cells and the amnioserosa (referred to as Actin Nucleating Centres) (Kaltschmidt et al., 2002) and by the formation of a cable of actin at the leading edge (Kiehart et al., 2000) . At the same time, non-muscle myosin accumulates at the leading edge of the dorsal-most epidermal cells, in an alternating pattern compared to the Actin Nucleating Centres (Young et al., 1993, personal observation) . The reorganisation of actin at the leading edge is also associated with the onset of actin dynamics as visualised by the formation of filopodia described above. Shortly after the two sides of the epithelium meet, the actin relocalises uniformly in the cell while the microtubules remain bundled in the dorso-ventral direction (Kaltschmidt et al., 2002) .
In addition to cytoskeleton reorganisation, membrane associated proteins are characterised by a dynamic pattern of subcellular localisation in the plane of the epithelium. Three main patterns of membrane localisation can be distinguished at the leading edge of the dorsal-most epidermal cells. The proteins are either completely absent from the leading edge (Fig. 3A) , present at the leading edge only at the Actin Nucleating Centres (Fig. 3B) , or incorporated into the filopodia and lamellipodia (Fig. 3C) . The localisation of each protein is further characterised by a specific dynamic in the acquisition of this pattern and a different apico-basal localisation (for more details see Kaltschmidt et al., 2002) . Of note, several adherens junction-associated proteins are excluded from the leading edge whilst showing strong localisation at the level of the Actin Nucleating Centres.
Dorsal closure is thus a complex process during which two epithelia, the amnioserosa and the epidermis, mechanically interact in order to allow the dorsally directed movement of the epidermis and the enclosure of the embryo. The shrinking of the amnioserosa and the polarised elongation of the dorsal-most epidermal cells contribute to the forces involved in dorsal closure as well as to the directionality of the movement (Fig. 2B ) and must be tightly coordinated for the embryo to close normally.
As we have described, both dorsal closure and convergent extension are driven by coordinated and directed movements of cells. While the forces acting within the constrained epidermal epithelium during dorsal closure are different to those acting on the more loosely packed cells undergoing convergent extension in Xenopus or the migratory cells in zebrafish, in all cases, the vector of the forces depends on the correct polarisation of the cells involved. Significantly, the cellular changes driving dorsal closure and convergent extension appear to be controlled by a common set of genes.
3. Genes controlling planar cell polarity are involved in the control of convergent extension and dorsal closure Specific directional cellular organisation within the plane of a cell layer is known as planar cell polarity (PCP). We discuss here PCP as described in the Drosophila wing epithelium and relate it to what we know about both dorsal closure and convergent extension.
The best-known system to understand PCP is the wing epithelium of Drosophila melanogaster. The planar polarity of the wing epithelium is manifest in the organisation of the wing hairs which all point distally. During early pupal development actin is distributed around apical intercellular junctions of the wing epithelial cells while microtubules are bundled in the apico-basal direction. Polarisation of the cells is first observed when actin starts to accumulate at a point in the distal vertex of each epithelial cell. This is shortly followed by the increase of the number of microtubules organised between the centre of the cell and the distal vertex. Elongation of actin filaments and microtubules distally to the cell vertex then results in the elaboration of a hair (reviewed by S. Eaton in this issue and in Eaton, 1997) .
Thus, as seen in the polarising epidermis during dorsal closure, and inferred from the membrane protrusions of intercalating vertebrate mesodermal cells, reorganisation of the cytoskeleton is an integral part of planar cell polarity of the wing epithelium.
Genetic analyses have identified several genes needed for the correct organisation and orientation of the hairs in the plane of the epithelium. These genes have also been shown to be involved in other planar polarisation processes like orientation of the ommatidia in the Drosophila eye suggesting that they participate to a general process of planar cell polarisation. They have been named PCP genes. This core group of PCP genes contains, among others, the genes frizzled, dishevelled, flamingo, prickle and strabismus (see S. Eaton in this issue and Eaton, 1997; Mlodzik, 2002) . Study of the planar cell polarity of the wing epithelium as well as the ommatidia revealed that the proteins encoded by these genes show a polarised localisation in the cell. For example, the atypical cadherin Flamingo (Chae et al., 1999; Usui et al., 1999) and the membrane associated protein Dishevelled (reviewed in Wharton, 2003) localise at the proximal and at the distal boundaries in the wing epithelium (Feiguin et al., 2001; Shimada et al., 2001; Usui et al., 1999) while a GFP fusion protein with the seven transmembranedomain protein Frizzled localises only at the distal boundary of the cells (Strutt, 2001) . Study of mutant backgrounds reveals that these proteins are interdependent for their localisation Feiguin et al., 2001; Shimada et al., 2001; Tree et al., 2002; Usui et al., 1999) . In addition, both loss of function and overexpression of these PCP genes produce disruption in polarity . Thus the planar polarity genes appear to act in a highly complex and interdependent manner rather than in a simple linear pathway.
As discussed above, during convergent extension, the intercalating cells elongate and show polarised protrusive activity in the mediolateral direction, a process that displays some features of planar cell polarity. The question arises as to how these cells undergoing convergent extension become polarised and orientated in this direction. Testing candidate genes in Xenopus together with direct genetic screens in zebrafish have begun to identify genes that are involved in the control of this process, many of which have proved to be homologues of the Drosophila core group of PCP genes.
A number of studies have identified Dishevelled, an effector of Wnt/Wingless signalling (reviewed in Wodarz and Nusse, 1998) , and a member of the core group of PCP genes, as an important effector of convergent extension. Use of Dishevelled deletion constructs that discriminate between the role of Dishevelled in PCP and in canonical Wnt signalling revealed a requirement for PCP in convergent extension in Xenopus embryos. Dishevelled was found to inhibit convergent extension in both gain and loss of function studies (Wallingford et al., 2000) , a property that has been shown to be common to many of the genes involved in PCP such as strabismus (Goto and Keller, 2002; Jessen et al., 2002) and frizzled (Djiane et al., 2000; Medina et al., 2000) , without affecting mesoderm induction or differentiation, both of which are affected by the canonical Wnt pathway (Sokol, 1996) . Later work expanded on these findings to show that the failure of cells overexpressing Dishevelled to undergo convergent extension was due to defects in cell polarity (Wallingford et al., 2000) . These cells fail to elongate and lose their sense of direction, emitting processes in both the mediolateral and anteriorposterior axes. As found in the Drosophila wing and the Drosophila epidermis during dorsal closure, the subcellular reorganisation of Dishevelled is observed in cells undergoing convergent extension. Dishevelled was shown to translocate from the cytoplasm to the cell membrane as cells converge and extend (Wallingford et al., 2000) .
Considering the role of Dishevelled in convergent extension it is interesting to note that there is a group of Wnt molecules in Xenopus that specifically affect the process of convergent extension without inducing secondary axis formation via the canonical Wnt pathway (Du et al., 1995) . Of these, XWnt11 was found to be a downstream target of the mesodermal gene Brachyury and to be required for normal gastrulation movements (Tada and Smith, 2000) . Moreover, mutations in silberblick, the zebrafish homologue of Wnt11, were shown to affect convergent extension in the zebrafish embryo (Heisenberg et al., 2000, compare Fig. 1B with A) . Wnt11 is thus a likely candidate for the control of cell processes involved in convergent extension. frizzled genes too have been found to play a role in convergent extension. Of the frizzled genes in Xenopus, transcripts of Xfrizzled7 are localised to cells that undergo convergent extension such as deep cells of the involuting mesoderm and the neuroectoderm (Djiane et al., 2000; Medina et al., 2000) . Unlike another Xenopus frizzled gene, Xfrizzled8, Xfrizzled7 is unable to induce a secondary axis when overexpressed but specifically affects convergent extension movements. XFrizzled7 was shown to interact biochemically and functionally with XWnt11 (Djiane et al., 2000) .
strabismus, another classical PCP gene found in Drosophila, has also been shown to play a role in the regulation of convergent extension in Xenopus. Indeed, overexpression of the four transmembrane-domain protein Strabismus can inhibit the activin mediated elongation of animal cap explants (Darken et al., 2002; Park and Moon, 2002) . Cell biological studies of the effects on cell behaviour of overexpression of a wildtype or a dominant negative form of Strabismus show that, as with Dishevelled, cells fail to become bipolar and show unorganised protrusive activity. In addition, injection of Strabismus causes Dishevelled to relocate to the membrane, suggesting a relationship between the two proteins (Park and Moon, 2002) . In zebrafish, genetic screens for zygotic lethal mutations identified several genes required for convergent extension movements (Hammerschmidt et al., 1996; Solnica-Krezel et al., 1996) . One of them is the zebrafish homologue of strabismus, trilobite (Jessen et al., 2002) . In absence of trilobite function, mesodermal cells are rounder than wildtype cells and migration is greatly reduced suggesting that trilobite dependent cell polarisation is required for convergence movements. Interestingly, trilobite mutant embryos also show defects in neuronal migration and time-lapse microscopy reveals that neurons lose directionality.
The candidate gene approach in Xenopus together with the genetic screens in zebrafish have thus revealed that many of the planar cell polarity genes found in Drosophila such as frizzled, dishevelled and strabismus, are required for correct cell polarity during convergent extension. In overexpression or loss of function experiments, cells loose their ability to orient themselves, as shown by their inability to emit polarised protrusions in the correct direction. Since in these conditions the emission of filopodia is impaired it is likely that the cytoskeletal organisation is correspondingly affected. Thus not only are genes, described in Drosophila melanogaster as PCP genes, involved in convergent extension, but it appears that in both cases these genes mediate polarised cytoskeletal rearrangements as shown by the bundling of actin during the wing hair formation and as inferred from the polarised cell protrusions seen in convergent extension.
The polarised dynamics of actin in the dorsal-most epidermal cells during dorsal closure raises the possibility that the genes involved in convergent extension and polarisation of the wing epithelium might also be involved in dorsal closure. As yet, little is known about the contribution of PCP genes to dorsal closure. It is known that dishevelled mutant embryos fail to close properly and that the leading edge cells display defects in polarisation in these embryos (Kaltschmidt et al., 2002) . Although wingless has not been shown to be involved in PCP in the wing or the eye, as discussed above, members of a non-canonical class of Wnt molecules do play a role in polarised cell movements during vertebrate convergent extension (Du et al., 1995; Heisenberg et al., 2000; Moon et al., 1993; Tada and Smith, 2000) . Interestingly wingless does appear to play a role in dorsal closure since wingless mutant embryos show defects in dorsal closure related in part to defects in leading edge cell polarisation, phenotypes that are very similar to those seen in dishevelled mutant embryos (Kaltschmidt et al., 2002) . Since the subcellular organisation of the dorsal-most epidermal cells has been well described, it is possible to identify specific defects occurring in dishevelled and wingless mutant embryos. The epidermal cells of these embryos show a disorganisation of the microtubule and actin cytoskeletons resulting in very little protrusive activity. The sub-cellular localisation of adherens junction-associated proteins is also affected. The abnormal dorsal closure observed in these mutant embryos is likely to be a direct result of this cytoskeletal disorganisation.
The requirement of polarised rearrangement of the cytoskeleton during epithelial polarisation, convergent extension and dorsal closure together with the involvement of many of the same genes raises the possibility that these different processes are controlled by the activity of a common functional cassette.
Lessons from dorsal closure and convergent extension
During both dorsal closure and convergent extension, the directed movement of a coordinated group of polarised cells is associated with a reorganisation of the actin cytoskeleton resulting in the emission of filopodia in the direction of the movement. Polarised actin activity is also observed during the formation of the wing hair at the vertex of the wing cell, a process that is known to be under the control of the core group of planar cell polarity (PCP) genes composed of dishevelled, frizzled, flamingo, prickle and strabismus. The finding that dishevelled, frizzled, prickle and strabismus are also involved in the cellular behaviour associated with convergent extension, has resulted in the drawing of a parallel between the process of convergent extension and the establishment of polarity within the wing epithelium. However, propagation of PCP in the wing epithelium is not accompanied by cell movements. Because dorsal closure involves polarised actin dynamics associated with movement, we propose that it is a better model to compare with convergent extension since both allow the study of the mechanisms connecting cell polarity and cell movement.
Study of dorsal closure in dishevelled mutant embryos links a lack of directional protrusive activity to a profound misorganisation of cytoskeletal and non-cytoskeletal components. We propose that understanding of the contribution of the PCP genes to convergent extension and dorsal closure requires that one understands their role in the subcellular organisation of the cell. The study of convergent extension would therefore benefit from a detailed description of the molecular organisation of the polarising cells, focussing on localisation of cytoskeletal and junctional components as carried out during dorsal closure in Drosophila. On the other hand, the observation that several PCP genes are contributing to convergent extension together with their interdependent functions in PCP in the Drosophila wing and eye discs, strongly suggests that not only wingless and dishevelled but also other core PCP genes such as strabismus/trilobite, prickle and flamingo will play a role in dorsal closure.
While the intricacies of the specific cell movements in each system are different, comparison of dorsal closure and convergent extension suggests the existence of shared mechanisms contributing to the polarisation and directed movement of cells in these two systems. The study of dorsal closure in Drosophila and convergent extension in vertebrates is beginning to shed light on these mechanisms.
